This paper focuses on the ionospheric anomalies observed in the F2 layer at Tortosa in Ebre Observatory (40.8˚N, 0.49˚E), before and after a seismic event in Morocco (Agadir). The data on optimal frequency of F2 layer (f0F2) were acquired using ground based ionosonde. The medianbased statistical technique was applied to the data to examine the possible relationship between the earthquake displacement field and the variation of the f0F2 in the ionosphere. The results point to a variation characterized by absence of f0F2 values over four days before the earthquake and continue for almost three days after the day of earthquake. The diurnal monthly median of the f0F2 values also revealed anomalous which has been considered as supporting evidence for the observed correlation.
Introduction
Earthquake precursors can be said to be difficult to recognize because of the complexity of mechanical deformation of blocks in the Earth's crust, the various types of mechanisms of the earthquake itself, the lack of extensive knowledge of geophysical characteristics of seismicity together with poor understanding of the geochemical monitoring in most areas of the globe. Notable among the associated phenomena with earthquakes processes are the anomalous change of intensity of electric field [1] - [4] , the anomalous propagation of signals (ULF, VLF and HF) as expressed by [5] , an increase of spike type noises [6] and combination of those phenomena [7] . It is also well-known that ionospheric variations are strongly related to the 11-year solar cycle [8] .
Solar activities control directly or indirectly phenomena that affect ionospheric variability such as ionospheric storms, polar cap absorption (PCA), travelling ionospheric disturbances, and magnetic storms. Moreover, there are fluctuations in the ionosphere electron density which cannot be attributed to any one of the aforementioned sources, and are therefore called geophysical noise [9] . With the chaotic and nonlinear behavior of the ionosphere, it is reasonable to assume that the foF2 measurements over a given period for a signal consist of linear, nonlinear and non-stationary components. Recently, electromagnetic phenomena in the ionosphere associated with seismic activity have been extensively discussed [10] - [12] . [13] observed that the VLF perturbation events appeared as transient oscillations with 5 -10 days period and was initiated a few days before a large earthquake and decaying over a few days or weeks after it. [8] noticed that before the earthquakes, the distribution of the perturbed plasma at the ionospheric F2 layer around the seismic active zone produced regions with enhanced or decreased concentration. [14] [15] utilized the ionospheric plasma frequency recorded by a local ionosonde between 1994 and 1999, and found out that the critical frequency of the F2 layer (foF2) significantly decreased few days prior to most of the earthquakes (M > 6) in the Taiwan area. [8] , however, discussed the decrease of foF2 in the morning hours 1 -5 days before strong earth quakes too.
The seismic event designated here as the 1960 Agadir earthquake took place on Monday, February 29, 1960, at 23:47 hrs local time. It is considered as the most destructive and deadliest earthquake in Moroccan history with a magnitude of 5.7 Mw, killing around 15,000 people (about a third of the city's population of the time) and injuring another 12,000. At least 35,000 people were left homeless. Despite its moderate magnitude, the earthquake's shallow-focus and proximity to the major city of Agadir made it very destructive. It is the most destructive "moderate" quake (magnitude less than 6) in the 20 th Century.
Data and Analysis Technique
The majority of the methods used in seismo-ionospheric coupling studies are statistical in character, where some ionospheric parameters (dealing usually with foF2 or TEC) are evaluated for a period both before and after the earthquake. The main objective in all of these studies is to identify a significant deviation of the examined parameter from its median value prior to the seismic event. The f0F2 values obtained using an ionosonde in Tortosa, between 14 th of February to 14 th March 1960 were downloaded from the web site of NOAA Space Environment Center. The data of dst index and Kp index of the same period were obtained from WDC web site at Kyoto, Japan.
The foF2 data is plotted as Figure 1 . The hourly median foF2 values of the month of January, February, 
Result
It is clear from Figure 1 that the f0F2 values are absent over four days prior to the day of the earthquake and remained the same until almost three days after the earthquake. Moreover, f0F2 were also absent at two other times as shown by the same graph. While Figure 2 not only shows the diurnal nature of hourly median as expected, but also that the hourly median values peaks at roughly around 13:00 hrs or 14:00 hrs in the months studied. However, a particularly different variation was noticed in February and March. Both months showed a different variation when compared to both January and April, from 15:00 hrs till the 24:00 hrs. The presence of this kind of variation clearly shows the occurrence of certain activities in the two months. While both months (February and March) exhibited that occurrence around the same time, the actual trend of the variation is different. However, the variation returned back nearly to the usual one in the month of April. Figure 3 illustrates the Kp and the dst index for the same period (30 days) revealing the non existence of geomagnetic activities during this period and most especially during the days where the values were absent (24 th of February to 3 rd of March 1960). Figure 4 however shows the contour map of hourly median values of the f0F2 for the months of January to April (represented in the graph by 1 to 4). This map shows the steady rise in values of f0F2 from roughly 08:00 hrs in all the months. However, February and March had a different situation between 16:00 hrs and 18:00 hrs as seen in the map.
As can be verified from the summary provided in Table 1 the distance from the station to the epicenter of the earthquake is around 1400 km. This is much higher than the values usually reported for the dimensions of earthquake displacement fields in the literature. 
Conclusion
This is probably the first work done using f0F2 as an ionospheric precursor on Agadir earthquake. The results obtained point to the presence of a unique ionospheric perturbation over the Tortosa station several days before and after the main shock of earthquake that occurred in Agadir. The perturbation is characterized by the absence of f0F2 well over four (4) days before and maintains that trend for almost three (3) days after the earthquake. The fact that the Ebre observatory was not reported to have any problems in data acquisition systems during this period (7 days at ago) to justify the lack of observational data clearly shows the cause to be of seismogenic origin. Whereas, the other two times that such incident occurred was for only 19 hrs and 34 hrs, but had no occurrence of earthquake. [16] in their recent work showed that the occurrences of earthquakes did not always coincide with gaps in ionosonde observations. It is possible that such ionospheric disturbances are related to the action of upward propagating electric field which was produced due to tectonic movements which enable electric charge to appear at the surface of the Earth and modify the currents in atmosphere-ionosphere system. According to seismo-ionospheric responses arising during the earthquake preparation stage, it is known that the modification of the anomaly associated with seismic activity has various characteristics that were described earlier and in this case observed well over four (4) days before and continue for almost another three (3) days after the earthquake. In the course of the preparatory stage of earthquake, there was a penetration of abnormal electric field of seismogenic origin into the ionospheric heights which strengthened or weakened the variation of foF2 [7] . The abnormal electric field moderates the E × B drift process and causes subsequent spatial distribution of electron concentration. The depression in f0F2 values noticed in this case may be attributed to the negative direction of the electric fields through E × B drift process over the epicenter of the earthquake, which may move towards or away from Agadir depending upon the negative direction of electric fields or neutral winds. However, it has been observed that in this region the Plasma bubbles are much deeper and occur more frequently than bubbles observed in any other longitudinal sector [17] . It was also reported that the depletions in the African region rose to high altitudes (up to 1000+ km) more frequently compared to other longitudes [18] . This may be accountable for the reason why the seismo-ionospheric effect was still felt in spite of the distance between the station and the epicenter. The fact that the variation in the hourly median values in the month of February experienced a clearly visible and unique variation towards the evening-time and at night-time shows that the variation will most likely be of seismic sources.
